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'IODWVKHHW
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Figure 1: Concept of the self-rolling up deformation using a temperature-responsive hydrogel sheet with a rigid plate 
array.  Deformation of temperature-responsive hydrogel develops forward rolling up in cold water and backward 
rolling up in hot water.  (a) Self-rolled up structure without gaps.  (b)  Self-rolled up structure with gaps.   
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PDWHULDOV  3RO\YLQ\O DOFRKRO 39$ 0Z
 K\GURO\]HG  ZDV SXUFKDVHG IURP
6LJPD$OGULFK68DQG68SULPHU2PQL&RDW
ZHUHSXUFKDVHGIURP0LFUR&KHPS1,3$0$$FVROXWLRQ
ZDV V\QWKHVL]HG E\ IROORZLQJ D SUHYLRXVO\ UHSRUWHG
PHWKRG>@)LJXUHVKRZVWKHIDEULFDWLRQSURFHVVRIWKH
K\EULGK\GURJHOVKHHW 'HWDLOVRI WKHIDEULFDWLRQSURFHVV
IRU WKH K\EULG K\GURJHO VKHHW LV VKRZQ WR RXU SUHYLRXV
ZRUN >@  39$ VROXWLRQ DGMXVWHG WR  ZW ZDV
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Figure 2: Principle of self-folding using hybrid hydrogel 
sheet.  Swelling of pNIPAM-AAc layer in cold water 
produces forward rolling up, and shrinking of 
pNIPAM-AAc layer in hot water produces backward 
rolling up. 
Figure 3: Fabrication process of the hybrid hydrogel 
sheet.   
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ZLWK ODUJHDUHDDQGFRXOGEHXVHGIRU WKHPHGLFDOSDWFK
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Figure 4: Basic characteristic of the self-folding using 
the hybrid hydrogel sheet.  (a) Images of the fabricated 
hybrid hydrogel sheets, put into 20 ౯ and 40 ౯ water.  
(b) Characteristic of local curvature produced by 
different length of SU-8 plates (N=5).  (c) Geometry for 
providing local curvature.  (d) The structure with small 
gaps between each SU-8 plates, produced by same length 
of SU-8 plates.  (e) The structure with large gaps 
between each SU-8 plates using various local 
curvatures, consisted of different length of SU-8 plates.  
Figure 5: Time responses of the hybrid hydrogel sheet.  
(a) Images of procedure with self-rolling up and 
deployment in 20 ౯ and 40 ౯ water.  (b) Time responses 
evaluated by curvature of the self-rolled up structure.   
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Figure 6: Designs and 3D structures fabricated using self-rolling up deformation.  (a) Cylindrical structure without 
gaps between layers. (b) Croissant-like ellipsoidal structure with gaps between layers.   
